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ABSTRACT 
The effects of adrenalectomy on the heart rate and elec-
trical potentials of the heart of the Mongolian gerbil, Meriones 
unguiculatus, were studied (using an electrocardiogram) in an 
attempt to determine if hyperkalemia is the cause of its short 
survival time following adrenal ablation. Electrocardiogram read-
ings were taken at 12, 24, 48, 60, and 96 hour intervals following 
bilateral adrenalectomy and compared with documented electrocardio-
gram profiles for mammalian hyperkalemia. Results showed a marked 
decrease in heart rate following adrenal ablation as well as a de-
crease in the amplitude of the P and T waves. In some instances, 
the P wave was eventually absent. Postsurgical survival for experi-
mental animals ranged from 48 to 96 hours. 
INTRODUCTION 
Proper maintenance of osmotic homeostasis in general, and 
sodium and potassium levels in particular, is crucial to all 
mammalian species for the maintenance of membrane potentials and 
control of cell volume. The regulation of proper levels of plasma 
electrolytes has traditionally been attributed to steroid secretions 
of the adrenal cortex and antidiuretic hormone (ADH) from the pos-
terior pituitary (Turner and Bagnara, 1976). 
Adrenalectomy (ADX) in most mammals results in serious altera-
tions in osmotic regulation, such as inadequate tubular reabsorption 
. . + - -in the kidneys, excess excretion of Na , Cl, and HCO 3 , and excess 
water loss. These changes manifest themselves in the blood as hemo-
concentration, hyponatremia, hyperkalemia, and metabolic acidosis. 
(Turner and Bagnara, 1976). In most mammalian species, these ab-
berations are attributed to the lack of adrenal-corticoids from 
the cortex rather than the loss of catecholimines from the medulla 
(Jones and Henderson, 1978). 
Recently, Meriones unguiculatus, a gerbil native to the deserts 
of Mongolia and Northern China, has attracted significant attention 
as a research animal because of its unusual osmoregulatory capa-
bilities and extreme adrenal dependence. !:!· unguiculatus survives 
for extended periods without water, conserves sodium, arid excretes 
highly concentrated urine. ~- unguiculatus has a high adrenal to 
body weight ratio,: and a rate of steroid hormone production ten 
times that of a rat. In addition, M. unguiculatus is able to drink 
highly concentrated NaCl solutions (Freeman and Leftwich, 1981). 
Hagood (1982) found that~- unguiculatus is not stressed by widely 
varying concentrations of sodium in its diet. He postulates that 
the gerbil's ion metabolism is regulated via intrarenal mechanisms 
together with ADH from the posterior pituitary. 
Cullen & Scarborough (1970) found that Meriones unquiculatus 
survived only 4 to 5 days following bilateral adrenalectomy (ADX), 
even when allowed to drink saline, as compared to one to two weeks 
for other mammals. In addition, replacement therapy with either 
adrenal corticoids or catecholimines, or a combination of the two, 
fails to prolong postsurgical survival for any significant period 
(Baggia 1983, Jefferson 1983). 
It was previously assumed that this rapid death following ADX 
was the result of the loss of the ability to retain sodium. Recent 
research indicates, however, that death may be more directly related 
to changing potassium levels. M. Aellos (1984) found that within 
hours after ADX a gradual drop in plasma sodium occurred, while in 
the same period, unexpectedly high plasma potassium levels resulted 
which increased at a rate many times greater than the rate of sodium 
loss. This dramatic increase in extracellular potassium may cause 
the animal's death since severe hyperkalemia can cause potentially 
lethal cardiac abberations. 
Elevation of serum potassium in mammals affects both depolari-
zation and repolarization of cardiac muscle. Hyerkalemia alters 
the depolarization phase directly by lowering resting potentials. 
Elevated potassium concentration causes partial depolarization of 
cardiac cells during diastole, and this depolarization disturbs 
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normal sodium flow into the cell. This decrease in inward current 
reduces both the rate and amplitude of the cardiac action potential. 
The net result of these effects on depolarization is a slowed con-
duction velocity. Hyperkalemia serves to accelerate repolarization 
and shortens the plateau phase of the cardiac action potential (Katz, 
1977). 
These effects of hyperkalemia manifest themselves in the ECG 
in the form of tall, peaked T-waves resulting from acceleration of 
repolarization, widening of the QRS complex which reflects slowed 
conduction, and diminished amplitude and eventual absence of P waves 
resulting from slowed conduction through the atria and SA block 
(Katz, 1977). 
To date no one has specifically investigated the relationship 
between elevated serum potassium levels and the rapid death follow-
ing ADX in M. unguiculatus. The purpose of the present experiment 
was to investigate this relationship by monitoring heart rates and 
electrical potentials of the heart in adrenalectomized M. unguiculatus. 
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MATERIALS AND METHODS 
Forty adult male Meriones unguiculatus were obtained from 
Tumblebrook Farms, Massachusetts. Each was housed individually in 
a standard 5 11 x 7 11 x 11 11 mouse cage at a constant temperature of 
25 - 27°c and a 12L:12D photoperiod. Each was supplied tap water 
and Purina Lab Chow ad libertum (Ralston Purina Co.; composition 
in appendix) and allowed to become acclimated for several weeks. 
Two groups of eight animals each were separated and determined 
to have a body weight range of 85 - 100 grams. Each of the eight 
animals in the first group was anesthetized using sodium pentabarbital 
(50 mg/kg) and bilaterally adrenalectomized using dorsal incisions. 
The second group of eight animals was sham operated using the same 
procedure. 
An electrocardiogram (ECG) was prepared 12 hours following 
surgery for each of the eight ADX animals again using sodium 
pentabarbital (50mg/kg) as an anesthetic. Each animal was posi-
tioned on its back on a wooden surface and needle electrodes were 
placed subcutaneously in the axillary region. These were connected 
through an amplifier to a standard 3-channel physiograph. An ECG 
was produced for each sham operated and control animal in the same 
manner. Paper speed was set at 5 cm per second and recordings were 
taken at various amplitudes. 
ECGs were obtained in this manner for all living animals at 
24, 48, 60, and 96 hour intervals. Approximate times of death were 
recorded for each animal in the ADX group, and any adrenalectomized 
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animals surviving longer than 100 hours were killed and necropsized 
for evidence of persistent adrenal cortical tissue. 
ECG data for the ADX animals, the sham operated group, and the 
controls were compared with regard to heart rate and shape of the 
deflections. 
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RESULTS 
All adrenalectomized (ADX) animals demonstrated decrease in 
heart rate (beats per minute) following surgery. Average beats per 
minute in the ADX group decreased continuously from 12 hours to 
96 hours after surgery (Table 1). No significant decrease in heart 
rate was observed in the sham operated animals or the control group. 
Figures 1 through 3 depict average heart rate in beats per minute 
over time for the ADX group, sham operated group, and untouched 
controls, respectively. 
The most pronounced changes in electrical potentials expressed 
by the electrocardiogram (ECG) were observed in the P wave of the 
ADX group. Disturbances in the P wave and adjacent baseline corres-
ponding to atrial depolarization were observed, with the exception 
of animal A8, beginning at 24 hours after surgery and continuing 
until death (Figure 4). A decrease in amplitude of the P wave was 
observed over time, and in some instances the P wave eventually 
disappeared (Figure 4, nos. A4 and AS). Animal no. A8 was an ex-
ception throughout the experimental period in showing no alteration 
in P wave amplitude or shape. No abberations in the P wave or 
adjacent baseline were observed in either the sham operated group 
or untouched controls (Figure 5). 
Following ADX, a general trend toward reduction in the size 
of the T wave representing ventricular repolarization was observed 
(Figure 4). The T wave appeared to become reduced in amplitude 
relative to the baseline and somewhat prolonged or lengthened in 
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duration, although some variability in shape was observed within 
the ADX group. In the sham operated and control animals, the size 
and shape of the T wave remained constant throughout the experi-
mental period {Figure 5). 
Of the original eight animals in the ADX group, one animal 
{A7) died following surgery. Animals A3 and A6 died between 36 
and 48 hours; A8 died at 72 hours; and animals A4 and AS died 96 
hours after surgery. Two animals {Al and A2) survived past 100 
hours, and upon necropsy were found to have persistent adrenal 
cortical tissue. 
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DISCUSSION 
Adrenalectomy in Meriones unguiculatus induced important changes 
in both the rate and electrical potentials of the heart. These 
changes appeared consistently in the experimental lADX) animals and 
persisted over time. The observed alterations in the electrocardio-
grams of the ADX animals did not, however, coincide with the changes 
diagnostic of mammalian hyperkalemia as described by Katz (1977). 
While failing to clarify hyperkalemia's role in causing rapid death 
in .M. unguiculatus, the ECG abberations observed in this study do 
indicate important cardiac changes which must contribute to the 
animals short survival following adrenal ablation. 
Abnormally high plasma potassium concentration should manifest 
itself in the mammalian ECG in the form of T waves which are of 
increased amplitude and shortened duration as a reflection of the 
acceleration of ventricular repolarization. The high extracellular 
potassium is thought to increase both the rate and extent of the 
opening of the channels which carry the repolarizing potassium 
current (Katz, 1977). This was not the case in this study in which 
the T wave corresponding to repolarization of the ventricular myo-
cardium was reduced in size over time in the ADX group. This co-
incides with findings of Wyman et. al. (1953) that hyperkalemia in 
Golden Hamsters produced an ECG with depressed T waves. 
The P wave, however, did become diminished in size, as ex-
pected, in the experimental group, presumably reflecting slowed 
conduction in the atria. 
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It is well documented that acute changes in potassium levels 
results in major alterations in mammalian physiology with the 
cardiac effects being life threatening. It would appear, from the 
present study, that the observed reduction in cardiac rate and ab-
berations in electrical potential of the myocardial tissue certainly 
play important roles in the rapid death of the adrenalectomized 
Meriones unguiculatus. 
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Table 1. Average heart rate in beats per minute of adrenalectornized, 
sham operated, and untouchei.l adult male Meriones unquiculatus 
at 12,24,48,60, and 96 hors after surgerv. 
Hours after ADX Sham Control 
surgery 
12 336 366 330 
24 312 366 360 
48 258 336 345 
60 216 366 360 
96 198 372 330 
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Figure 1. Effects of bilateral adrenalectomv on the heart rate 
in beats per minute of 11' :eriones unguiculatus at 12, 24, 
48,60, and 96 hours after surgery. 
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Figure 2. Heart rate in beats per minute of sham adrenalectomized 
Meriones unguiculatus at 12,24,48,60, and 96 hours 
after surgery. 
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Figure 3. Heart rate in beats per minute of unoperated ~eriones 
unguiculatus at 12, 24, 48, 60, and 96 hours. 
C = control 
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Figure 4. Electrocardiogram readings taken from ADX animals 
A3,A4,A5,A6, and A8 at 12,24,48,60, and 96 hours 
after surgery. 
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Figure 5. Electrocardiogram readings taken from sham operated 
animal S3 at 12,24,48,60, and 96 hours after surgery. 
1 li#fi ~ --~-.]JC -_;~_J-1+i! __ --+\_LL:._\~--__ [  UJ_}L __ 1 .. )J-li. ~ J.1 ___ Llf+-\[ : 
- I - i - : - i f I t ' I I I ! i I ' : . 1! : : l f I_! L -- _L_j_l I J__,_.· 
-+-·1·----~---j----;--1i--~- ~--~::------i--- -1,--~--l-l- ----:---;-:
1
:-·1-- - ]ri ! \:Tl 
, I l 1 L 1 t • 1 I , 
l I l I I I I I I 
~ I I\ i I 1\ i I ! \ \ I 
.I',. \ "I I I\ .u p.,. l ~ ' : I I i ' '1 I 
,--::::+41µ-+-'--'i-1+"~!--F-w,i., _,.,.- t\tt. .--= - ',__ ,_.,... 1,'-c,.;; '-~ y, .. !-J.J \..t-.,-.. \(\.l-t-it'--i.-r!J i\l--,.1.. - J _i,.J _I.J\ 
I I'\ ~ ~ 1 1 1 1\' 
.__, 4;-1....~i-1 +--+-H-f-i -+--+--+-+---+,~++-+---H-4-P--t-HH~, .. rH~r, 
I I I I I 
r -- I 
-
I I ; 
-+--___J I I 
_J I i1-j i i- I I : I 
15 
LITERATURE CITED 
Aellos, M. 1984. Effects of adrenalectomy on hemoconcentration 
and blood pH, urea and electrolytes in the Mongolian gerbil 
(Meriones unguiculatus). Master's Thesis, Univ. of Richmond. 
(unpublished] . 
Baggia, S. 1983. The role of the adrenal cortex in fat 
metabolism of Meriones unguiculatus, the Mongolian gerbil. 
Master's Thesis, Univ. of Richmond. [unpublished]. 
Cullen, J. W. and D. E. Scarborough. 1970. Behavioral and 
hormonal prophylaxis in the adrenalectomized gerbil (Meriones 
unguiculatus). Horm. Behav. 1:203-210. 
Freeman, G. H. and F. B. Leftwich. 1981. Changes in adrenal 
histology and plasma aldosterone accompanying osmotic stress 
in the Mongolian~erbil (Meriones unguiculatus). Va. J. Sci. 
32:92. [Abstract}. 
Hagood, M. 1982. The effects of osmotic stress on sodium, 
potassium, and chloride metabolism of the Mongolian gerbil 
(Meriones unJuiculatus). Master's Thesis, Univ. of Richmond. 
tunpublished. 
Jefferson, A. B. 1983. Plasma glucose levels, depot fat, and sur-
vival time in the bilaterally adrenalectomized Mongolian gerbil 
(Meriones unquiculatus). Univ. of Richmond. [unpublished]. 
Jones, I. C. and I. W. Henderson. 1978. General, Comparative, and 
Clinical Endocrinology of the Adrenal Cortex. ~ol. II. 
Academic Press. New York. 
Katz, A. M. 1977. Physiology of the heart. Raven Press. 
New York. 
Turner, C. D. and J. F. Bagnara. 1976. General Endocrinology. 
W. B. Saunders Co., Philadelphia. 
Wyman, L. c., G. P. Fulton, F. N. Sudak and G. N. Patterson. 1953. 
Electrocardiograms and serum electrolyte levels in hamsters 
with adrenal insufficiency and hypercorticalism. Proc. Soc. 
Exp. Biol. Med. 84:280-283. 
-· 
-
Sodium 
Potassium 
Chloride 
Calcium 
Phosphorus 
Magnesium 
Proteins 
APPENDIX 
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23.00% 
